Background: Chronic hyperglycemia is associated with a long term damage, dysfunction or failure of several organs, which is a degenerative disorder caused by persistent hyperglycemia. Complications also can cause interference with the threshold of hearing. These degenerative changes include atrophy of axons, demyelinization, and loss of nerve fibers. Objective: This study aimed to determine the relationship between long suffering diabetes mellitus and hearing thresholds based on its frequency. Methods: This study was a cross sectional design on patients with diabetes mellitus in the Internal Medicine Clinic and Otorhinolaryngology Department Dr. Sardjito General Hospital Yogyakarta from early November 2010 until the end of June 2011. Inclusion criterion were: 1) >50 years old 2) normal physical ENT examination, 3) all DM types, 4) Sensorineural (Perceptive) Hearing Loss, 5) Right and left ear gap audiogram less than 15dB, and 6) agreed to participate. Mean difference such as age and duration of DM were assessed by using independent t test and Mann Whitney test. Distribution of sex and educational level were assessed by using Chi square test and Fisher's Exact test. Correlation between duration suffering diabetes mellitus and hearing threshold was assessed by the Spearman and Pearson method. Results: Subjects participated in this research were 25 (41.7%) men and 35 (58.3%) women. Result of this study showed that there were correlation between long suffering DM and hearing thresholds at 2000Hz : (r=0.459, p=0.097), 4000Hz (r=0.4966, p=0.098), and 6000Hz (r=0.757, p=0.422), respectively. Conclusion: It is can be concluded that there is a positive correlation between long suffering DM and hearing threshold, especially after 6 years. 
INTRODUCTION
The main problem facing adults who have hearing loss is the difficulty in verbal communication. This situation will interfere with daily activities in the family, social community and work environment. This condition can also cause psychological problems not only for the patient but also for his family. One of the risk factors for adult hearing loss is diabetes mellitus (DM), which is a group of metabolic abnormalities characterized by chronic hyperglycemia due to absolute (DM type 1) and relative (DM type 2) insulin deficiency, with primary disorders of carbohydrate metabolism and secondary disorders of fat and protein metabolism. [1] [2] [3] The association of DM with hearing loss was first reported with varied incidence of sensorineural hearing loss in patients with DM, ranging from 0% to 93%. In this study the incidence of diabetes with loss of hearing and balance in 69 diabetic patients was 28 patients with sensorineural deafness (40.5%) associated with diabetes. Other factors that may have caused sensorineural hearing include age, exposure to noise, and ototoxicity. 2, 4 Hearing examination in DM patients has never been done routinely, so the correlation between long suffering from DM with the threshold value of hearing is not known. Objective this study was to determine the relationship between the duration of diabetes mellitus and the hearing threshold based on its frequency.
METHODS

Ethical consideration
The study started after receiving approval from the Medical and Health Research Ethics Committee (MHREC) Faculty of Medicine, under number KE/FK/0196/EC/2017.
Study design
This study was a cross sectional design. This study used a cross sectional design on patients with DM in the internal medicine clinic and otorhinolaryngology department Dr. Sardjito General Hospital Yogyakarta from early November 2010 until the end of June 2011.
Population and Subjects
The sample of this study were diabetes mellitus patients at the diabetic clinic of internal medicine in a tertiary referral hospital in Indonesia. The inclusion criteria were: 1) age less than 50 years old, 2) normal ENT physical examination, 3) diabetes mellitus of all types, 4) sensorineural (perceptive) hearing loss, 5) right and left ear gap audiogram less than 15dB, and 6) agreed to participate in the research. The exclusion criteria were: 1) work in a noisy environment or ever exposed by explosion, 2) have experienced head injury, 3) never use ototoxic medicine, and 4) there is a history of deafness in the family. Sample size was calculated using hospital-based study sample size formulation for cross sectional study or hypothesis testing for correlation intervariable, with error type I (α) 5% one-tailed hypothesis, and error type II (β) 20%. The recommended sample size were 60 samples.
Measurement
All of samples performed ENT examination that included an otoscopy, a tuning fork, and a pure tone audiometry test. The audiometric test results was the bone conduction threshold in a multiple of 5 dB which can still be responded to by the patient at a frequency of 2000Hz, 4000Hz, and 6000Hz. Length of suffering diabetes mellitus by patients was recorded continuously from 1 year, 2 years, 3 years, and so on.
Data Analysis
Characteristic data of research subjects are presented as proportion, mean and standard deviation. To assess the different distribution such as sex and educational level chi square test and Fisher's Exact test were used, while to assess the mean difference such as age and duration of DM independent t test was used when the data have normal distribution and Mann Whitney test if the data had no normal distribution. Correlation was assessed by the Spearman and Pearson method. Table 1 shows more female than male research subjects participated in this research with 25 (41.7%) men and 35 (58.3%) women ( Table 1 ). The lowest length of suffering from Table 2 ). Figure 1 shows the correlation between the length of DM suffering and the hearing threshold value at 2000Hz, 4000Hz, and 6000Hz frequencies after suffering from DM. In this study, it was reported that the patients developed into neuropathy after 6 years of diagnosis of DM, so that there was some relationship between the duration of DM and the hearing threshold value at all observed frequencies beginning with the higher ranges culminating in hearing loss in the normal range. Figure.1 The correlation between the length of DM suffering and the hearing threshold value at 2000Hz, 4000Hz, and 6000Hz frequencies.
RESULTS
DISCUSSION
Diabetic microangiopathy and neuropathy have an important role in causing abnormalities in capillary blood vessels such as retinal capillary blood vessels in diabetic retinopathy, renal capillary blood vessels in diabetic nephropathy and abnormalities in peripheral nerves. One of the chronic complications of DM on nerves is diabetic neuropathy, including the auditory nerve. This complication is a degenerative disorder caused by persistent hyperglycemia. These degenerative changes include atrophy in the axon, demyelinization, loss of nerve fibers that can develop even in the early stages. [3] [4] The auditory system requires glucose and high-energy utilization for its complex signal processing. Hearing loss in the context of type 2 diabetes may result from microangiopathic processes that follow deposition of glucoprotein due to hyperglycemia in small blood vessels, impacting neurological function. Hyperglycemia can cause microvascular damages involving sudden increases in blood viscosity and embolic and thrombotic episodes. 4 Current meta-analysis suggests that the higher prevalence of hearing impairment in diabetic patients compared with nondiabetic patients was consistent regardless of age. Data were obtained from 13 eligible studies (20,194 participants and 7,377 cases). Overall pooled OR (95% confidence interval) of hearing impairment for diabetic participants compared with nondiabetic participants was 2.15 (1.72-2.68). OR was higher in younger participants (mean age, <60 year) than in those over 60 year among which the OR remained significant (2.61 and 1.58, p = 0.008). The strength of the association between diabetes and prevalence of hearing impairment was not significantly influenced by whether participants were matched for age and gender (p= 0.68) or whether participants chronically exposed to noisy environments were excluded (p= 0.19). 5 This present study was limited to patients less than 50 years, thereby reducing the influence of presbycusis, or early hearing loss due to age. Another study reported the incidence of diabetic type sensorineural hearing loss was very broad depending on the boundaries of normality and statistical methodology. Decreased hearing acuity in patients with DM usually occurs gradually so it is not considered by patients and doctors until the disturbance occurs in verbal communication. At this stage because the abnormalities which occur in the inner ear have entered an irreversible stage, the only hearing rehabilitation that can be done is the provision of hearing aids, which is expected to improve verbal communication disorders and reduce the psychological burden of patients. 6, 7 In a previous study, it was mentioned that the patients developed into neuropathy after 9 years of DM diagnosis, showing no relationship between DM duration and hearing threshold value at observed frequency (except in frequency of 2000Hz right ear) because of the limited distribution of subjects according to the length of suffering DM. These limited findings were also reached by conducting an analysis on the subject of the study who only suffered DM over 9 years. 8 Joshi et al. (2017) showed a decline in free field hearing, which are further adversely affected by duration of diabetes and patient's age. Overall pure tone thresholds were not significantly higher in diabetics, however the thresholds were higher in diabetics in older age groups. The hearing loss appears at an early age in diabetics but gradually becomes indistinguishable from age-related hearing loss. 8 Another study found association between hearing threshold and diabe¬tes mellitus. Hearing threshold in diabetics is increased and there is direct correlation between high blood glucose level and high hearing threshold. [9] [10] [11] In this study, the analysis obtained correlation coefficients as r:0.459 (2000 Hz), r: 0.4966 (4000 Hz), r: 0.4223 (6000Hz) respectively. These results showed the relationship between the length of suffering DM and the threshold of hearing, especially high frequency after 6 years suffering from DM. The mean pure tone increases with increase in duration of diabetes, the difference in means of various intervals of duration of type 2 DM was found to be statistically significant, but did not specify each frequency.
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Pemmaiah et al. (2011) obtained the correlation between duration of DM and sensorineural hearing loss at 2000 Hz and 4000 Hz. They showed a statistically significant correlation at 0.01 level (Pearson coefficient r = 0.561 and r = 0.727 respectively). In other frequencies no significant correlation was found. Coefficient of determination was R2=0.31(31%) and R2=0.52(52%) respectively between duration of DM and hearing loss at 2000Hz and 4000Hz.
14 Significant hearing differences reported at all frequencies for noninsulindependent DM (NIDDM) subjects, but for insulindependent DM (IDDM) subjects, differences were at 1,000 Hz and below, and 10,000 Hz. 15 The diabetics had higher thresholds for all frequencies (except 0.25 kHz) compared to the controls. Although there were significant differences at low frequencies, such as 0.5 and 1 kHz, the differences were most pronounced at 2, 4, and 8 kHz. The thresholds for speech reception were significantly higher in the diabetics than in the controls. Also, there were no side differences between the right and left ears in the diabetics or the controls, and the diabetics had lower speech discrimination scores than the controls. At high frequencies due to complications due to DM, degenerative neuropathy can occur in the organ of hearing, especially in the basal cochlea, where it is known that the high frequency is concentrated on the tip of the basal cochlea.
It has also been demonstrated in the presence of cochlear basal thickening in diabetic rats and supported by the increase in thickness of capillary walls in basilar membrane and stria vascularis, external hair cell damage, especially basal section in autopsies of patients with DM. 16 Cochlear microcirculation plays a very important role in cochlear physiology. Hyperglycemia and hyperlipidemia are associated with increased blood viscosity and circulation disorders. The higher incidence (85%) of hearing loss in patients with longer duration of diabetes (>10 years) had been previously reported. However, in patients with >15 years of duration no significant result was seen probably due to a relatively small sample size. Further as duration progressed the severity of hearing loss also increased in most of the cases. 17 In-Hwan et al. (2014) reported that normal hearing was defined as a 0-25 dB range and hearing loss as ≥26 dB. Using these criteria, the prevalence of hearing loss increased with age, ranging from 1.6% for subjects in their twenties to 49.2% for subjects in their seventies. The most frequent degree of hearing loss was mild, although all levels of hearing loss increased with age. Abnormal findings at 6 kHz were observed in all age groups as age increased, abnormal findings were observed in the order 4 kHz, 2 kHz, 1 kHz and 500 Hz. These findings indicate that hearing loss starts at high frequency, occurring later at the frequency of normal human speech and then at low frequency. From their study, the prevalence of hearing loss increases with age and the presence of DM. Hearing loss was greatest at high frequencies. In all age groups, mild hearing loss was the most common form of hearing loss. 7 Batham et al. (2017) performed study to assess the usefulness of brainstem evoked response audiometry (BERA) in early detection of hearing impairment in type 2 diabetic patients. In this study, significant differences were observed in BERA latencies in type 2 diabetic patients when compare to healthy individuals. This indicate that patients with type 2 diabetes mellitus may suffer from hearing impairment sooner or later, however if detected early further deterioration in auditory function. 18 Hearing thresholds and speech test results were significantly worse in participants with DM than in non DM patients. Hearing threshold and speech test results were not significantly different between the DM and non DM groups after adjusting for age, gender, and presence of hypertension, and the number of participants with hearing loss (HL)either low to middle range frequencies or high-range frequencies in the adjusted model. The lack of an association between diabetes and HL in this study may be because the study population was relatively young and most subjects had adequate glycemic control. It can be assumed that these participants did not have advanced microangiopathy and their cochlear tissues were not directly affected by diabetes due to good control of the condition. Diabetes with more than 5 years suffering in 84 patients had complications including neuropathy (44%), nephropathy (29%), retinopathy (25%).8 Another study obtained the mean duration of DM was significantly longer among diabetic patients with SNHL (11.7 ±7.6 years). 9 In order to generalize the results of this study, it is necessary to conduct research to be done at different locations and samples to determine the consistency this study results. It is also necessary to conduct research by analyzing other variables that can contribute to the correlation long of DM with hearing thresholds, such as age at diagnosis, gender, cholesterol, triglycerides levels, blood pressure, stress levels, haemoglobine A1c (HbA1c).
CONCLUSION
From the results of this research, there is positive correlation between long suffering from DM and hearing threshold value based on audiometric examination. So it can be concluded that there is a positive correlation between long suffering DM and hearing threshold, especially after 6 years.
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